Chem 1B



Answers to Chapter 15 Exercises


Exercise #1:  Acid-Base Equilibria and Buffer Solutions

1.
For the equilibrium: CH3COOH(aq)  +  H2O(l)  ⇄  H3O+(aq)  +  CH3CO2–(aq) 


(a) & (b) Adding NaC2H3O2 increases the acetate ion concentration; equilibrium shifts left, consuming H3O+, [H3O+] decreases, and pH increases.

(c) NaOH reacts with H3O+ decreasing its concentration and causing equilibrium to shift right; more C2H3O2– are formed. As [H3O+] decreases, pH will increase.
2.
Answers: (a) pH = 4.74;  (b) pH = 4.44;  (c) pH = 5.04
3.
For the equilibrium: NH3(aq)  +  H2O(l)  ⇄  NH4+(aq)  +  OH–(aq) 


(a) & (b) Adding NH4Cl increases [NH4+]; equilibrium shifts left, consuming OH–. [OH–] decreases and pH decreases.

(c) HCl will react with OH–, decreasing its concentration; equilibrium shifts right to make up the lost of OH–, which also produces more NH4+.
4.
Answers:  (a) [H3O+] = 5.6 x 10–10 M, pH = 9.25;  (b) [H3O+] = 2.8 x 10–10 M, pH = 9.55;  
5.
Indicate whether each of the following solution combinations will make a buffer solution. Explain.


(a) 50.0 mL of 0.20 M HCl + 50.0 mL of 0.20 M NaCl;


(No)

(b) 50.0 mL of 0.20 M HNO2 + 50.0 mL of 0.20 M NaNO2;

(Yes)

(c) 50.0 mL of 0.20 M CH3CO2H + 50.0 mL of 0.20 M NaCH3CO2;
(Yes)

(d) 50.0 mL of 0.20 M CH3CO2H + 50.0 mL of 0.20 M NaOH;

(No)

(e) 50.0 mL of 0.20 M CH3CO2H + 50.0 mL of 0.10 M NaOH;

(Yes)

(f) 50.0 mL of 0.20 M CH3CO2H + 50.0 mL of deionized water;

(No)

(g) 50.0 mL of 0.20 M NH3 + 50.0 mL of 0.20 M NH4NO3;

(Yes)

(h) 50.0 mL of 0.20 M NH3 + 50.0 mL of 0.20 M HNO3;


(No)

(i)  50.0 mL of 0.20 M NH3 + 50.0 mL of 0.10 M HNO3;


(Yes)

(j)  50.0 mL of 0.20 M NH3 + 50.0 mL of deionized water;


(No)

(k) 50.0 mL of 0.20 M NH4NO3 + 50.0 mL of 0.20 M NaOH;

(No)

(l)  50.0 mL of 0.20 M NH4NO3 + 50.0 mL of 0.10 M NaOH;

(Yes)
6.
Answers: (a) [HPO42–] = 0.574 M;  [H2PO–] = 0.353 M, and pH = 7.42;



(b) (i) Buffering reaction against acid: HPO42–(aq)  +  H3O+(aq)  (  H2PO4–(aq)  +  H2O(l);



     (ii) Buffering reaction against base: H2PO–(aq)  +  OH–(aq)  (  HPO42–(aq)  +  H2O(l);



(c) (i) pH = 7.33;  (ii) pH = 7.52
7.
Answers:  (a) (i) pH = 1.32;  (ii) pH = 12.68;  


(b) Adding small amount of strong acid or strong base to a buffer solution changes the pH very little, but adding the same amount of strong acid or strong base to pure water causes a very large pH change.

(c) When a small amount of strong acid is added to a buffer, most of the H3O+ is absorbed by the conjugate base in the buffer, minimizing the increase in [H3O+] due to added acid. 



HPO42-(aq)  +  H3O+(aq)  (  H2PO4–(aq)  +  H2O(l);


When a small amount of strong base is added a buffer, most of the OH– is absorbed by the conjugate acid in the buffer. 


H2PO–(aq)  +  OH–(aq)  (  HPO42-(aq)  +  H2O(l);

The very small amount of OH– that persist will react with H3O+, reducing its concentration, but the change is minimal.

However, when a strong acid or a strong base is added to pure water or a non-buffered solution, all of the H3O+ or OH– are released into the solution because there is no strong conjugate base to absorb the H3O+ ions or strong conjugate acid to absorb the OH– ions. These cause the pH to change very high.
8.
Answer: 12.5 g of NaOH
9.
(a) Buffering range is the range of pH in which the buffering action of a given buffer solution is significantly effective.

    Buffer capacity is the amount of strong acid or strong base that can be added to 1 L of the buffer solution that causes a change in pH of the buffer solution by 1 pH unit.

(b) A given buffer solution has a fixed buffering range. (c) Increasing the buffer concentration will increase the buffering capacity.
10.
Answers: 

(a) and (b) For pH = 3.50, use HCOOH (Ka = 1.8 x 10–4) and NaHCO2, 
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    or HC3H5O3 (1.4 x 10-4) and NaC3H5O3, 
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   for pH = 5.00, use CH3COOH (Ka = 1.8 x 10–5) and NaCH3CO2,  
[image: image3.wmf]82

.

1

]

[

]

[

2

3

2

2

3

2

=

O

H

HC

O

H

NaC

  


     for pH = 7.50, use KH2PO4 (Ka = 6.2 x 10–8)  and K2HPO4,  
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 for pH = 9.00, use NH4Cl (Kb = 5.6 x 10–10) and NH3;  
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    and for pH = 10.50, use NaHCO3 (Ka = 5.6 x 10–11) and Na2CO3; 
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Exercise #2:  
Acid-Base Titrations
1.
In an acid-base titration where 40.0 mL of 0.100 M HCl is titrated with 0.100 M NaOH solution:


(a) before 0.100 M NaOH is added;


(pH = 1.000)

(b) after 20.0 mL of 0.100 M NaOH is added;

(pH = 1.48)

(c) after 30.0 mL of 0.100 M NaOH is added;

(pH = 1.85)

(d) after 40.0 mL of 0.100 M NaOH is added;

(pH = 7.00)

(e) after 60.0 mL of 0.100 M NaOH is added.

(pH = 12.30)
2.
In an acid-base titration where 40.0 mL of 0.100 M acetic acid (CH3COOH, Ka = 1.8 x 10–5) is titrated with 0.100 M NaOH solution:


(a) before NaOH solution is added;


(pH = 2.87)

(b) after 20.0 mL of 0.100 M NaOH solution is added;
(pH = 4.74)

(c) after 30.0 mL of 0.100 M NaOH solution is added;
(pH = 5.22)

(d) after 40.0 mL of 0.100 M NaOH solution is added.
(pH = 8.72)

(e) after 60.0 mL of 0.100 M NaOH is added.

(pH = 12.30)
3.
In an acid-base titration where 40.0 mL of 0.100 M ammonia (NH3, Kb = 1.8 x 10–5) is titrated with 0.100 M HCl solution:


(a) before any HCl is added;



(pH = 11.13)

(b) after 20.0 mL of 0.100 M HCl is been added;

(pH = 9.25)

(c) after 30.0 mL of 0.100 M HCl is added;

(pH = 8.77)

(d) after 40.0 mL of 0.100 M HCl is added.

(pH = 5.28)

(e) after 60.0 mL of 0.100 M HCl is added.

(pH = 1.70)
4.
 (Answer: pH = 7.00)
5.
(a) Methyl Orange, Methyl Red, Phenol Red and Phenolphthalein all can be used;

(b) Phenol Red or Phenolphthalein;  (c) Methyl Orange or Methyl Red
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